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Benucci et al cardiovascular complications, RA patients are at greater risk of mortality compared to the general population. 5, 6 RA affects ~0.5%-1% of the adult population, 1,2 although this figure seems to be influenced by the geographic area of origin (Japan 0.2%, the Netherlands 1%-1.5%, Scandinavia 3%, Spain 0.5%, and the United States 1%). 7, 8 Two regional observational studies conducted in Italy have suggested an estimated RA prevalence rate of ~0.3%. 7, 9 Although the management of RA may include the use of nonpharmacological interventions, nonsteroidal antiinflammatory drugs, and/or glucocorticoids, the mainstay is represented by conventional disease-modifying antirheumatic drugs (cDMARDs) such as methotrexate (Mtx) . With the aim of further optimizing the response to treatment and reducing the disability in the long-term, in recent years the therapeutic approach has focused increasingly on the use of biological disease-modifying antirheumatic drugs (bDMARDs). [10] [11] [12] [13] [14] Indeed, these drugs represent a valid therapeutic option and are particularly recommended for use in patients who are poor responders, are intolerant to cDMARDs, or in whom continued treatment with cDMARDs is deemed inappropriate. 15, 16 The present analysis focuses mainly on the use of the latter class of drugs (bDMARDs), with the aim of providing an estimation of the efficacy and treatment costs associated with the use of tocilizumab (TCZ) plus Mtx versus abatacept (ABT) plus Mtx in the treatment of RA in patients previously treated with Mtx.
Methods
In RA, the main criteria used to assess the clinical response to pharmacological treatment are those recommended by the American College of Rheumatology (ACR) or the European League against Rheumatism (EULAR). Both the scientific societies have reached a consensus with regard to the minimum number of active disease variables (core set) to be measured while evaluating the efficacy of a treatment. 17 These variables include number of painful and swollen joints, measurement of functional ability, acute phase reactants (erythrocyte sedimentation rate and C-reactive protein [CRP] ), assessment of disease activity expressed by both the physician and the patient, as well as intensity of pain perceived by the patient. 18 Although quite different, both sets of criteria are routinely used in clinical trials. EULAR criteria are based on absolute values and on variations of Disease Activity Score DAS/DAS28 compared to baseline, classifying response to treatment as good, moderate, or absent, 19 whereas ACR criteria assess the improvement manifested (20%, 50%, or 70%) by all core set variables. 17 
Clinical data
The clinical basis for this economic analysis was provided by the outcome of the Technology Appraisal Guidance published in January 2016 by the National Institute for Health and Care Excellence (NICE). 20 Following a systematic literature review of the key databases, 60 randomized, controlled trials (RCTs) were identified and included in the analysis; in six of these, a direct head-to-head comparison was carried out between two bDMARDs; in one case, a comparison was carried out between anti-tumor necrosis factor (TNF) alpha and cDMARDs, whereas the remaining 53 cases compared bDMARDs with either placebo or cDMARDs. ACR and EULAR response criteria were taken as the main outcomes of pharmacological treatments administered. Table 1 summarizes the efficacy data (ACR and EULAR) for both TCZ and ABT in combination with Mtx in the treatment of RA in patients previously treated with Mtx. Both ACR and EULAR criteria confirmed TCZ as the most effective therapeutic option. 20 
Number needed to treat (NNT)
The present economic analysis was undertaken to estimate the relevant cost per NNT for the two bDMARDs compared to cDMARDs. 21, 22 The NNT represents the number of patients who need to be treated to obtain a therapeutic benefit. Therefore, in the present study it represents the number of patients who need to be treated with TCZ plus Mtx or with ABT plus Mtx compared to cDMARDs to obtain a positive patient response, in which efficacy is measured on the basis of response to ACR and EULAR criteria. Lastly, by multiplying this indicator by the relative cost of treatment, the cost per NNT for the two bDMARDs investigated is obtained.
Time horizon
While comparing two or more healthcare technologies, a suitable time horizon should be used to ascertain the (most important) differences in terms of both outcome and cost of treatment. [23] [24] [25] Given that the follow-up period against which efficacy was evaluated in the majority of clinical studies taken into account by the NICE guidance was 24 weeks, also for this analysis a period of 6 months was deemed sufficient to grasp the most important differences in terms of both efficacy and cost of treatment.
Perspective of the analysis
The economic analysis was conducted from the Italian National Health Service (NHS) perspective. Thus, direct medical costs alone were taken into consideration, that is, pharmacological treatment (bDMARDs), administration, and monitoring. Other direct medical costs (ie, adverse events) were excluded as considered to be similar for abatacept and tocilizumab.
Treatments
As indicated in the relative Summaries of Product Characteristics (SPC), both ABT (selective T-cell co-stimulation modulator) and TCZ (interleukin-6 receptor inhibitor) may be administered subcutaneously (sc) or intravenously (iv) in the treatment of RA in patients previously treated with Mtx. However, working hypotheses were adopted in all comparisons due to the difficulty at times of distinguishing efficacy (ACR or EULAR) versus route of administration (sc or iv) based on the estimated outcomes reported in the NICE guidance (Table 1) . Using relevant data published in the literature for both bDMARDs, the two routes of administration were found to be equally effective. Indeed, the SUMMACTA study demonstrated a corresponding efficacy between TCZ (sc, weekly 162 mg injection) and TCZ (iv, 8 mg/kg every 4 weeks). 26 Likewise, the NCT00559585 trial reported a comparable efficacy and safety for ABT (sc and iv). 27 However, data relating to Mtx were excluded from the estimation of the cost of pharmacological treatment, as it was hypothesized that, irrespective of the biological formulation administered, all subjects were treated with an identical mean daily dose. Table 2 In line with the procedures implemented in Italy, the cost of administration for the NHS was only considered for bDMARDs (iv), whereas no cost was assumed for sc administration. To valorize each individual administration, a proxy cost per intravenous infusion of €11.62 was applied, as indicated by the national healthcare charges for specialist outpatient services. 28 The use of healthcare resources associated with monitoring activities was calculated by using data reported by a recent national study comparing TCZ (iv) with adalimumab (sc). 29 Table 3 indicates the healthcare resources used and the mean cost of monitoring activities over the 6-month period of observation, with a clear distinction between sc and iv routes of administration. Also in this case, healthcare services were calculated by applying the relative Italian national charges. 28 
Cost of treatment
Sensitivity analysis
A sensitivity analysis, performed with the aim of evaluating the degree of uncertainty of the base case results, focused 
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Benucci et al exclusively on the efficacy data (ACR and EULAR) estimated by the NICE guidance, and subsequently was used to calculate mean cost per NNT. 23 In line with this objective, ACR and EULAR values for each of the therapeutic options were simultaneously varied considering first the lower and subsequently the upper limit of the respective variability range. This was performed in order to determine the impact of the variation on mean cost per NNT estimated in the base case.
Variability of the costs of monitoring and administration were not subjected to analysis due to the minimal impact produced on overall costs (1.5%-4.8%); indeed, even marked variations compared to baseline values would fail to yield significant differences capable of affecting base case results.
However, the reason why sensitivity analysis was not performed on the purchase cost of biological drugs for healthcare facilities was completely different. The base case had been developed taking into account the purchase cost of medicinal products net of any compulsory legal discounts and gross of any other discounts granted to hospital facilities. However, in view of the difficulty in quantifying and referencing the latter type of discount, we preferred not to provide alternative scenarios to the base case, as these may have failed to reflect the actual situation of individual hospitals. Accordingly, we opted to perform a threshold analysis in order to determine, compared to base case, at what percentage reduction of the purchase cost the biological agent ABT (iv/sc) would become cost-effective. Table 4 shows two distinct series of NNT for TCZ (iv/sc) and ABT (iv/sc). The first was calculated using ACR criteria, whereas EULAR criteria were used to calculate the second. In both the cases, TCZ (iv/sc) was characterized by a lower NNT compared to ABT (iv/sc), showing higher efficacy. The most significant differences in favor of TCZ were observed using EULAR criteria.
Results
NNT
Cost of treatment
In light of data presented in the "Methods" section, Table 5 summarizes the mean 6-monthly cost per treated patient. This cost comprises the cost of treatment calculated on purchase cost for bDMARDs and cost of administration and monitoring; however, the latter items produce only a minimal impact on the overall cost (range: 1.5%-4.8%). The lowest cost of treatment was obtained by ABT sc + Mtx (€6,398.98), followed by TCZ sc + Mtx (€6,887.62), TCZ iv + Mtx (€7,130.80), and ABT iv + Mtx (€7,342.66). Differences compared to ABT sc + Mtx ranged from a minimum of ~€500 (vs TCZ sc + Mtx) to a maximum of ~€950 (vs ABT iv + Mtx). 
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Mean cost per NNT with TCZ plus Mtx vs ABT plus Mtx Cost per NNT Figures 1 and 2 illustrate the mean cost per NNT calculated using ACR or EULAR response criteria. In terms of the percentage of patients achieving ACR response (20%, 50%, or 70%), TCZ (sc) was again characterized by the lowest cost per NNT. Despite the higher costs of administration and monitoring, TCZ (iv) had lower mean costs per NNT compared to ABT (sc) and ABT (iv). In line with ACR criteria, the greater the clinical improvement (20%, 50%, or 70%), the greater the difference between costs calculated per NNT for TCZ (iv/sc) and for ABT (iv/sc). Mean cost per NNT calculated using EULAR response criteria also indicated TCZ (sc) as the best therapeutic option, followed by TCZ (iv). Significant differences were displayed compared to ABT (iv/sc) and rose in line with degree of efficacy. Table 6 shows the results of sensitivity analysis performed in light of changes in efficacy rates related to the limits of corresponding variability ranges. In all comparisons, the option TCZ (sc) + Mtx featured the lowest mean cost per NNT, except when taking into account the upper limit of the confidence interval for criteria ACR20 and ACR50, in which case ABT (sc) + Mtx proved to be the most cost-effective option.
Sensitivity analysis
To enhance the cost-effectiveness of ABT (sc) versus other options using ACR criteria, the corresponding purchase cost would need to be reduced by ~20% compared to base case, while the cost of intravenous ABT would need to be reduced by ~37%. However, based on EULAR criteria, the price reductions required to ensure the cost-effectiveness of ABT (iv/ sc) correspond to approximately 67% and 73%, respectively.
Discussion
Among the indicators provided by economic assessment in a healthcare context, the Incremental Cost Effectiveness Ratio (ICER) allows decision-makers to ascertain the incremental cost incurred in acquiring an additional unit of result (health), expressed as either life years (LY) or quality-adjusted life years (QALY) gained. To verify acceptability, the ICER should subsequently be compared with a reference threshold value capable of conveying decision-makers' willingness to pay in order to obtain an additional unit of health (LY/ QALY). 23 NICE guidance has assessed biological therapies using ACR and EULAR criteria; however, no findings have been provided in terms of LY or QALY. 20 As a result, the latter prevented us from adopting an incremental cost-effectiveness analysis in the present study. It would have proved impossible to calculate an ICER expressed in simple LY or QALY for subsequent comparison with a reference threshold value. 23 Therefore, to overcome the ambiguity of identifying a result indicator but not being able to evaluate its quality, we deemed it more opportune to estimate the cost per NNT of bDMARDs versus cDMARDs, 20 as a synthetic indicator of the clinical benefits and costs linked to the use of the biological therapies considered herein.
TCZ (sc) was associated with a lower mean cost per NNT using both ACR and EULAR criteria, while the intravenous formulation had a slightly higher cost. Costs per NNT for both the formulations (iv/sc) of ABT were considerably higher. Therefore, overall, the greater the improvement yielded, in line with both ACR (20%, 50%, or 70%) and EULAR criteria (moderate or good response), the greater the difference in cost per NNT in favor of TCZ (iv/sc).
The results obtained in the present study were compared with the findings of a previous economic analysis conducted to determine the cost per NNT of a series of biological agents in the treatment of Crohn's disease, psoriasis, and RA. 30 Namely, with regard to the treatment of RA, in the previous international study both NNT and cost per NNT were calculated for TCZ (iv) plus Mtx and ABT (iv) plus Mtx according to ACR50 and ACR70 criteria. In both the comparisons, TCZ achieved both the best NNT and lowest mean cost per NNT (Table 7) . Although relating solely to the iv formulation, the findings of the international study confirm the results obtained in the present analysis.
In addition to ascertaining the results of an analysis, the validity of the same should also be contextualized and any limitations discussed. Although the NICE guidance 20 was based on the investigation of ~60 RCTs, the efficacy data (ACR and EULAR) illustrated in Table 1 are characterized by a wide range of variability. This variability is inevitable while comparing patients from different RCTs. In view of this limitation, a sensitivity analysis was undertaken to evaluate the impact on final outcome. Indeed, even when taking into account simultaneously the lower and upper limits of the respective variability range (ACR20, 50, 70, moderate, or good response), the base case results were largely confirmed.
The present analysis was based on published data from only RCTs. As with any RCT, there is a concern that patient enrollment may not reflect the type of patients observed elsewhere in general practice. For this reason, the present results should be interpreted with caution to derive conclusions to the real-world rheumatology practices.
Moreover, the time horizon considered may constitute a further limitation to the comparison performed. An extension of the analysis to 56 or 124 weeks would render the base case results more robust (6 months). Unfortunately, to date, no studies yielding results beyond a 6-month period of 
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Mean cost per NNT with TCZ plus Mtx vs ABT plus Mtx observation for the two therapeutic options considered herein have been described in the scientific literature. Adverse events costs were excluded because there are no head to head trials that compare TCZ and ABT from a clinical point of view. However, meta-analysis has been performed to assess the efficacy and safety of biologic therapy in RA, 31, 32 and it was found that the numbers of adverse events for TCZ and ABT were not statistically significantly different from those observed in the control groups.
Lastly, the use of ACR and EULAR response criteria may represent a further limitation of the analysis. As mentioned in the NICE guidance, the importance of applying caution in interpreting the efficacy of TCZ should be underlined in view of the direct effect exerted by the agent on CRP values compared to TNF inhibitor, particularly as the latter is a component of the ACR and EULAR composite endpoints on which the comparison was based.
In view of the scarce impact on overall costs, no sensitivity analysis was performed on monitoring and administration costs. However, with regard to pharmacological costs, a threshold analysis was performed to determine, compared to base case, at what percentage reduction of the purchase cost the biological agent ABT (iv/sc) would represent a cost-effective option. This was seen to occur only following marked reductions.
Conclusion
Taking into account the potential of applying a synthetic indicator of the efficacy and cost of treatment such as NNT, from an NHS perspective, TCZ (iv/sc) represents a more costeffective option than ABT (iv/sc) in the treatment of RA in patients previously treated with Mtx. The findings of this study should encourage the undertaking of future clinical observational and real-world studies aimed at promoting a more efficient use of biological therapies in the treatment of RA.
